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APPARATUS AND METHOD FOR
SEPARATING TWO PHASE-MODULATED
SIGNALS HAVING DIFFERENT
AMPLITUDES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Korean
Patent Application No. 10-2014-0006229, filed on Jan. 17,
2014, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein by reference.

BACKGROUND

1. Field of the Invention

The present invention relates to an apparatus and method
for separating two phase-modulated signals having different
amplitudes.

2. Description of the Related Art

Amplitude modulation refers to a modulation method of
changing an amplitude of carrier based on strength of an
information signal and may be weak against multipath fading
due to a multipath of propagation and may have a high peak-
to-average power ratio (PAPR). However, phase modulation
may carry an information signal using a phase of carrier and
thereby transmit the information signal and thus, may have a
consistent amplitude of carrier. The phase modulation may
have a relatively excellent noise characteristic compared to
the amplitude modulation. Further, the phase modulation
may have a significantly low PAPR, and may require a rela-
tively wide transmission bandwidth compared to the ampli-
tude modulation.

In general, a high PAPR may cause a nonlinear distortion in
apower amplifier of a transmitter. Unless sufficient backoffis
not given with respect to power, a frequency spectrum of a
system may be widened and a distortion by mutual modula-
tion between frequencies may occur, which may result in
degrading the system performance.

SUMMARY

An embodiment of the present invention provides an appa-
ratus and method for providing two different pieces of infor-
mation using a single antenna, and more particularly, an appa-
ratus and method that enables a reception end to restore two
phase-modulated signals having different amplitudes to
original signals when the two phase-modulated signals are
transmitted from a transmitter using the same spectrum.

An embodiment of the present invention also provides an
apparatus and method that enables a reception end to restore
two phase-modulated signals having different amplitudes to
original signals when the two phase-modulated signals are
transmitted from a transmitter using the same carrier, and that
may provide different services using a single antenna since it
is possible to transmit two independent phase-modulated sig-
nals using the same spectrum.

According to an aspect of the present invention, there is
provided a separation method for a phase-modulated signal,
the method including: receiving, using a single antenna, a first
received signal and a second received signal that are modu-
lated and thereby transferred from a transmitter; calculating
an attenuation level of each of the first received signal and the
second received signal by dividing each of the first received
signal and the second received signal into a real number
portion and an imaginary number portion; calculating a dif-
ference between the first received signal and the second

10

15

20

25

30

35

40

45

50

55

60

65

2

received signal; and separating and thereby demodulating the
first received signal and the second received signal.

The receiving may include receiving a merged signal in
which the first received signal and the second received signal
are merged. The first received signal may be a signal in which
a first transmission signal from the transmitter is attenuated
by a transmission loss, and the second received signal may be
a signal in which a second transmission signal from the trans-
mitter is attenuated by the transmission loss.

The first received signal may have a form of n(sin(0,)+
j¥cos(0,)), the second received signal may have a form of
W(cos(0,)—j*sin(6,)), sin(0,)+j*cos(6,) may represent the
first transmission signal, | may denote an attenuation rate of
the first transmission signal by the transmission loss with
respect to the first transmission signal, cos(0,)—j*sin(6,) may
represent the second transmission signal, and pmay denote an
attenuation rate of the second transmission signal by the
transmission loss with respect to the second transmission
signal.

The calculating of the attenuation level may include: add-
ing up a square of an absolute value of an addition of real
number portions of a merged signal in which the first received
signal and the second received signal are merged, a square of
an absolute value of an addition of imaginary number por-
tions of the merged signal, a square of an absolute value of a
difference between the real number portions of the merged
signal, and a square of an absolute value of a difference
between the imaginary number portions of the merged signal;
and calculating the attenuation level of each of the first
received signal and the second received signal using the addi-
tion result.

According to another aspect of the present invention, there
is provided a receiver, including: an antenna configured to
receive a merged signal in which a first received signal in
which a first transmission signal is attenuated by a transmis-
sion loss and a second received signal in which a second
transmission signal is attenuated by the transmission loss are
merged; and a demodulator configured to separate the first
received signal and the second received signal by dividing
each of the first received signal and the second received into
a real number portion and an imaginary number portion, and
to demodulate the first received signal and the second
received signal.

EFFECT

According to embodiments of the present invention, there
may be provided a method and apparatus that enables a
receiver to separate two phase-modulated signals having dif-
ferent amplitudes to original signals when the two phase-
modulated signals having different amplitudes are transmit-
ted using a single antenna.

According to embodiments of the present invention, when
there is a need to simultaneously provide two services using
the same spectrum and a single antenna, for example, when
wide-area broadcasting and local broadcasting are to be
simultaneously transmitted, the present invention may be
employed to develop a transmission/reception and modula-
tion/demodulation apparatus of a wireless communication
field in which a hierarchical service separation is required.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects, features, and advantages of the
invention will become apparent and more readily appreciated
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from the following description of exemplary embodiments,
taken in conjunction with the accompanying drawings of
which:

FIG. 1 is a flowchart illustrating an operation method of a
transmitter configured to generate and transmit two phase-
modulated signals having different amplitudes according to
an embodiment of the present invention;

FIG. 2 is a flowchart illustrates an operation method of a
receiver configured to receive and separate two phase-modu-
lated signals having different amplitudes according to an
embodiment of the present invention;

FIG. 3 is a diagram illustrating a configuration of a trans-
mitter configured to generate and transmit two phase-modu-
lated signals having different amplitudes according to an
embodiment of the present invention; and

FIG. 41is a diagram illustrating a configuration of a receiver
configured to receive and separate two phase-modulated sig-
nals having different amplitudes according to an embodiment
of the present invention.

DETAILED DESCRIPTION

Reference will now be made in detail to exemplary
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like ref-
erence numerals refer to the like elements throughout. Exem-
plary embodiments are described below to explain the present
invention by referring to the figures.

Hereinafter, a method of separating two phase-modulated
signals having different amplitudes and a transmitter and a
receiver thereof according to an embodiment of the present
invention will be described with reference to the accompany-
ing drawings.

An operation in which a transmitter phase-modulates two
different signals, multiplies the two phase-modulated signals
by different amplitudes, respectively, and transmits the two
phase-modulated signals having different amplitudes to a
receiver, and the receiver restores each of the phase-modu-
lated two signals to an original signal will be described.

FIG. 1 is a flowchart illustrating an operation method of a
transmitter configured to generate and transmit two phase-
modulated signals having different amplitudes according to
an embodiment of the present invention.

In operation 110, the transmitter may phase-modulate a
first source signal and a second source signal. The first source
signal and the second source signal may be different types of
independent frequency signals, and may be phase-modulated
using different modulators, respectively.

In operation 120, the transmitter may generate a first trans-
mission signal by multiplying the phase-modulated first
source signal by constant A. Depending on embodiments, the
phase-modulated first source signal may be amplified by the
constant A using an amplifier.

In operation 130, the transmitter may generate a second
transmission signal by multiplying the phase-modulated sec-
ond source signal by constant B. Depending on embodiments,
the phase-modulated second source signal may be amplified
by the constant B using an amplifier different from the ampli-
fier used to amplify the phase-modulated first source signal.

Accordingly, in operation 140, the transmitter may trans-
mit the first transmission signal and the second transmission
signal to a receiver using a single antenna.

According to an embodiment, the first transmission signal
and the second transmission that are signals in which the first
source signal and the second source signal are phase-modu-
lated in operation 110 and are amplified to have different
amplitudes in operations 120 and 130, and that are transmit-
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ted to the receiver in operation 140 may be expressed by the
following Equation 1 and Equation 2.

a(sin(0,)+/*cos(0,)),a(sin(0;)—*cos(0,)),

a(-sin(0 )+/*cos(0,)),a(-sin(0,)—*cos(0,)) [Equation 1]
B(sin(6,))+7*c0s(6,)),B(sin(6,)-7*cos(8,)),
B(=sin(0,)+7*cos(0,)),p(-sin(0,)—7*cos(0,)) [Equation 2]

Here, 0, denotes the first source signal and 0, denotes the
second source signal.

Equation 1 expresses the first transmission signal that is the
constant c.-multiplied phase-modulated first source signal,
and Equation 2 expresses the second transmission signal that
is the constant p-multiplied phase-modulated second source
signal. A source signal may be expressed using at least one of
Equation 1 and Equation 2, and may be further variously
expressed based on a sign.

To separate two received signals, the receiver may limit the
range of each of 0, and 0,, which need to satisfy Iminimum
value of 0,-maximum value of 0,/<180 degrees and Imini-
mum value 0,-maximum value of 0,1<180 degrees. Also,
[(minimum value of 0, +minimum value of 0,)-maximum
value of 0, +maximum value of 0,)I<180 degrees needs to be
satisfied.

For example, when the phase range of the first source signal
for phase-modulation is assumed to be from minimum -60
degrees to maximum +60 degrees, the phase range of the
second source signal may be given to be from minimum -30
degrees to maximum +30 degrees.

As described above, in operation 140, a merged signal in
which two phase-modulated signals having different ampli-
tudes are merged may be transmitted using a single antenna.

FIG. 2 is a flowchart illustrates an operation method of a
receiver configured to receive and separate two phase-modu-
lated signals having different amplitudes according to an
embodiment of the present invention.

In operation 210, the receiver may receive, using a single
antenna, a first received signal and a second received signal
that are modulated and thereby transferred from a transmitter.
Here, the first received signal and the second received signal
are signals in which a first transmission signal and a second
transmission signal from the transmitter are attenuated by a
transmission loss, respectively. The first received signal and
the second received signal may be received using a single
antenna as a merged signal in which the first received signal
and the second received signal are merged.

The first received signal and the second received signal
may be expressed by the following Equation 3.

N(sin(8,)+7*cos(8,))

(cos(0,)—7*sin(6,)) [Equation 3]

In Equation 3, sin(0,)+j*cos(0, ) denotes the first transmis-
sion signal, cos(6,)-j*sin(0,) denotes the second transmis-
sion signal, 1 denotes an attenuation rate of the first transmis-
sion signal by a transmission loss with respect to the first
transmission signal, and | denotes an attenuation rate of the
second transmission signal by a transmission loss with
respect to the second transmission signal.

As another example, when the transmitter phase-modu-
lates the second transmission) signal to —sin(8,)-j*cos(6,),
the second received signal may be p(-sin(0,)—j*cos(0,)).
Here, 1 denotes an attenuation rate at which the second trans-
mission signal is attenuated by the transmission loss.

In operation 220, the receiver may calculate an attenuation
level of each of the first received signal and the second
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received signal by dividing each of the first received signal
and the second received signal into a real number portion and
an imaginary number portion. In operation 230, the receiver
may calculate a difference between the first received signal
and the second received signal. In operation 240, the receiver
may separate and thereby demodulate the first received signal
and the second received signal.
IREAL(first received signal+second received signal)
P+ IMAGINARY (first received signal+second
received signal)l>+[REAL(first received signal—
second received signal)l’+ IMAGINARY (first
received signal-second received signal)[?=2*
M2+p?) [Equation 4]
A square of an absolute value of an addition of real number
portions of the merged signal, a square of an absolute value of
an addition of imaginary number portions of the merged
signal, a square of an absolute value of a difference between
the real number portions of the merged signal, and a square of
an absolute value of a difference between the imaginary num-
ber portions of the merged signal may have the relationship as
expressed by Equation 4. Here, REAL(Y) denotes a function
of'extracting only a real number value of Y, and IMAGINARY
(Z) denotes a function of extracting an imaginary value of Z.
For example, when the first received signal is 1(sin(0,)+
j*cos(0,)) and the second received signal is p(cos(0,)—j*sin
(0,)), an addition of the first received signal and the second
received signal may be calculated as {n sin(6,)+u cos(6,)}+
i*{m cos(0,)-usin(B,)}. IREAL(first received signal+second
received signal)|*+[IMAGINARY (first received signal+sec-
ond received signal)l® may be arranged as follows:

r]2 «sin(0;)? + /,cz £cos(6h)? + 2 % 7= pxsin(6y )eos(62) + r]2 xcos(6))® +

/,cz £sin(6;)? — 2% 7% g cos(fy )sin(6,) = r]2 + /,cz +2 %% pxsin(@; — ;)

Similarly, when the first received signal is n(sin(0, )+j*cos
(8,)) and the second received signal is p(cos(6,)—j*sin(6,)), a
difference between the first received signal and the second
received signal may be calculated as {n sin(6,)+u cos(6,)}+
% (1 cos(8,)- sin(0,)}.

Here, IREAL(first received signal-second received signal)
I>+IIMAGINARY (first received signal-second received sig-
nal)|* may be calculated and arranged as follows:

7w sin(B) )2 + g% #cos(8,)? — 2 w1 5 # sin(6) Jeos(8r) + 177 xcos(By ) +

(2 5 sin(0y )7 + 2y x cos(0))sin(y) = 17 + p? — 2wy p xsin(@) — 6;)

By adding up the arranged two equations, Equation 4 may
be induced.

Depending on embodiments, another equation may be
induced using a relationship between a multiplication of real
numbers between an addition of the first received signal and
second received signal and a difference between the first
received signal and the second received signal, and a multi-
plication of imaginary values between the addition and the
difference.

REAL(first received signal+second received signal)
*REAL(first received signal-second received
signal)}+IMAGINARY (first received signal+sec-

ond received signal)*IMAGINARY (first received

signal-second received signal)=n?-1? [Equation 5]

Equation 5 may be induced through the following process.
Using the aforementioned Equations 1 and Equation 2 of
the first received signal and the second received signal, an
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addition of and a difference between the first received signal
and the second received signal may be calculated as 1 sin
(B)+1 cos(6,)}+i*{n cos(6,)-p sin(6,) and 1 sin(6,)—y cos
(8,)}+i*cos(6, )+ sin(B,,), respectively.

Accordingly, the left term of Equation 5 may be briefly
arranged as the right term of Equation 5. REAL(first received
signal+second received signal)*REAL (first received signal—
second received signal) may be calculated as m**sin(0,)*-
p?*cos(0,)?, and IMAGINARY (first received signal+second
received signal)*IMAGINARY (first received signal-second
received signal) may be calculated as 1**cos(8,)*~p**sin
(6,

An addition of the above calculation results may be
arranged to n>—p>.

A value of (first received signal-second received signal)
may be calculated using Equation 4 and Equation 5. Here,
Equation 6 may be used.

Red*x+Ied*y=0

Red?+x°+led®+y7=p

Here, a difference x between the real number portions of
the first received signal and the second received signal and a
difference y between the imaginary number portions of the
first received signal and the second received signal may be
calculated. In Equation 6, Rcd denotes an addition of the real
number portions of the first received signal and the second
received signal, Icd denotes an addition of the imaginary
number portions of the first received signal and the second
received signal, 8 denotes *—u?, and p denotes 2*(1n>+u?).

Initially, y may be solved as follows:

{Red+Icd®} *yP+2*{~Tcd*8} *y+{Red* +Red® *Icd’+
82—p*Red®}=0

[Equation 6]

Here, for easy arrangement, when it is assumed that
al={Red*+Icd?}, b1={-Icd*3}, and c1={Red*+Red**Icd*+
8*-p*Red?}, y may be calculated as

-bl£Vb12 —alxcl

al

using a root equation.

When calculating x according to Equation 6 using y, X may
be calculated as x=(8-Icd*y)/Red.

Similar to the aforementioned method, a difference
between the real number portions of the first received signal
and the second received signal may be solved as follows:

{Red+Icd?} *x*+2*{~Rcd*d} *y+{Icd* +Red® *Icd’+
& —p*led’}=0

For substitution into a root equation, substitution may be
performed as a2={Rcd’*+Icd®}, b2={-Rcd*d}, and
c2={Tcd*+Recd**Icd*+6*>—p*Icd®}. Accordingly, the differ-
ence X between the real number portions of the first received
signal and the second received signal may be calculated as

=02 £ VD22 —a2xc2

a2 ’

Also, y may be calculated using x. Accordingly, y may be
calculated as y=(8-Rcd*x)/Icd and thus, the receiver may
calculate the difference between the first received signal and
the second received signal as “x+j*y” in operation 130.

When obtaining solutions of x and y using the root equation
by referring to the following Table 1, a sign may be deter-
mined. Table 1 may be used to describe values of x and y
according to an attenuation rate and a phase-modulation.
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TABLE 1
First transmission Second transmission
signal signal n>=p n<up
Cos(@) +*Sin(0;)  Sin(6;) + *Cos(0;)  (-bl - squt(bl 2 — al*cl))/al ¥ (-b2 +sqrt(b2 2 - a2*c2))a2 X
Cos(0)) +j*Sin(@,)  Sin(6;) - j*Cos(8,)  (-bl +sqrt(bl 2 - al*cl))/al ¥ (-b2+sqrt(b2 2 - a2*c2))/a2 X
Cos(0,) +j*Sin(0,)  -Sin(0,) +j*Cos(0,)  (-bl - sqrt(bl 2 —al*cl)l/al ¥ (-b2+sqrt(b2 2 - a2*c2))/a2 X
Cos(6,) +j*Sin(0,)  -Sin(6,) - j*Cos(0;)  (-bl +sqrt(bl 2 —al*cl)l/al ¥y (-b2+sqrt(b2 2 - a2*c2))/a2 X
Cos(6,) - j*Sin(0,)  Sin(6,) +j*Cos(0;)  (-bl - sqrt(bl 2 —al*cl)l/al ¥ (-b2+sqrt(b2 2 - a2*c2))/a2 X
Cos(0,) - j*Sin(0,) Sin(6,) - j*Cos(0;) (bl +sqrt(bl 2 —al*cl))/al 'y (-b2+sqrt(b2 2 — a2*c2))/a2 X
Cos(6;) - j*Sin(0,)  -Sin(0,) +j*Cos(0,)  (-bl - sqrt(bl 2 - al*cl)l/al ¥ (-b2+sqrt(b2 2 - a2*c2))/a2 X
Cos(0,) - j*Sin(0,) -Sin(6,) - j*Cos(0;)  (-bl +sqrt(bl 2 —al*cl))/al ¥ (=b2+sqrt(b2 2 — a2*c2))/a2 X

For example, when cos(0,)-j*sin(0, ) is selected for phase-
modulating the first source signal based on the assumption
that n=2 and 0,=60 degrees, the first received signal may be
2*(cos(60°)-j*sin(60°)). Also, when -sin(6,)-j*cos(0,) is
selected for phase-modulating the second source signal based
on the assumption that u=0.5 and 6,=25 degrees, the second
received signal may be 0.5%(=sin(25°)—j*cos(25°)). Accord-
ingly, an addition of the first received signal and the second
received signal may be calculated as {2*cos(60°)-0.5%sin
(25°)}=i*{2*sin(60°)+0.5%c0s(25°)}=0.7887-%2.1852.

According to the aforementioned method, the first source
signal and the second source signal may be inferred using the
addition of the first received signal and the second received
signal.

According to an embodiment, by finding, from Table 1, an
equation used for phase-modulation and by comparing 1 and
1, it can be verified that if n>u, y=(-bl+sqrt(b1"2-al*cl))/
al.

Referring to values of x and y induced according to Equa-
tion 6, y=—1.2789 and x=1.2113 and thus, it can be known
that the difference between the first received signal and the
second received signal is 1.2113—j%1.2789. The first received
signal may be obtained by adding up the addition of and the
difference between the first received signal and the second
received signal, and by dividing the addition result by “2”.
The second received signal may be obtained by performing
subtraction on the addition of and the difference between the
first received signal and the second received signal and by
dividing the subtraction result by “2”.

Accordingly, the first received signal and the second
received signal may be calculated as “first received signal=
(0.7887-5*2.1852+1.2113-j*1.2789)/2=1.0000-j*1.7321”
and “second received signal=(0.7887—j%2.1852-1.2113+
7%1.2789)/2=-0.2113—-j*0.4532”, respectively.

An original phase may be obtained by demodulating a
phase from each of the first received signal and the second
received signal. According to an embodiment, considering
that the first source signal is a signal phase-modulated to
cos(0,)—j*sin(0, ), a phase 6, of 1.0000-j1.7321 may be cal-
culated as 60 degrees. Also, considering that the second)
source signal is a signal phase-modulated to —sin(0,)—j*cos
(8,), a phase of —0.2113-j*0.4532 may be calculated as 25
degrees.

FIG. 3 is a diagram illustrating a configuration of a trans-
mitter 300 configured to generate and transmit two phase-
modulated signals having different amplitudes according to
an embodiment of the present invention. Referring to FIG. 3,
the transmitter 300 refers to an apparatus that is configured to
phase-modulate a first source signal and a second source
signal and then transmit the phase-modulated first source
signal and second source signal to a receiver, and may include
a first modulator 310, a second modulator 320, an amplifier A
330, an amplifier B 340, and an antenna 350 via which a
signal is transmitted.
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The first source signal and the source signal may be modu-
lated to have different phases, and may be modulated using
different modulators. For example, the first source signal may
be phase-modulated using the first modulator 310 and the
second source signal may be phase-modulated using the sec-
ond modulator 320. Each of the first modulator 310 and the
second modulator 320 may perform phase-modulation by
referring to Table 1.

Amplitudes of the phase-modulated first source signal and
second source signal may be amplified using different ampli-
fiers, respectively. For example, the amplifier A 330 may
amplify the phase-modulated first source signal by A. The
amplifier B 340 may amplify the phase-modulated second
source signal by B. Here, A and B may denote different
constants, respectively.

The modulated and thereby amplified first source signal
and second source signal may be referred to as a first trans-
mission signal and a second transmission signal, respectively,
and may be merged as a single signal and thereby transmitted
to the receiver using the antenna 350. A signal to be transmit-
ted to the receiver may refer to Equation 1 and Equation 2.

FIG. 4 is a diagram illustrating a configuration of a receiver
400 configured to receive and separate two phase-modulated
signals having different amplitudes according to an embodi-
ment of the present invention. Referring to FIG. 4, the
receiver 400 may include a configuration of receiving and
separating phase-modulated signals merged into a single sig-
nal and thereby demodulating the phase-modulated signals to
original signals.

The receiver 400 may receive a first received signal and a
second received signal that are transmitted from a transmitter
using an antenna 410. Here, the receiver 400 may receive a
merged signal in which the first received signal and the sec-
ond received signal are merged. The first received signal and
the second received signal may refer to signals in which the
first transmission signal and the second transmission signal
from the transmitter are attenuated by a transmission loss,
respectively.

The receiver 400 may include a demodulator 420 config-
ured to separate the first received signal and the second
received signal by dividing each of the first received signal
and the second received signal into a real number portion and
an imaginary number portion, and to demodulate the first
received signal and the second received signal.

The demodulator 420 may include a separator 421 config-
ured to separate the first received signal and the second
received signal, a first phase-demodulator 422 configured to
demodulate the first received signal, and a second phase-
modulator 423 configured to demodulate the second received
signal.

The separator 421 may calculate an attenuation level of
each of the first received signal and the second received signal
by dividing each of the first received signal and the second
received signal into a real number portion and an imaginary
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number portion, may calculate a difference between the first
received signal and the second received signal, and may sepa-
rate the first received signal and the second received signal
using the calculation results.

According to an embodiment, a square of an absolute value
of'an addition of real number portions of the merged signal in
which the first received signal and the second received signal,
a square of an absolute value of an addition of imaginary
number portions of the merged signal, a square of an absolute
value of a difference between the real number portions of the
merged signal, and a square of an absolute value of a differ-
ence between the imaginary number portions of the merged
signal may be added up. The addition result may be used,
which may refer to Equation 5.

Also, the separator 421 may calculate the difference
between the first received signal and the second received
signal using Equation 4 and Equation 5. A description related
thereto may refer to Equation 6 and a description made in
relation thereto. When the addition of and the difference
between the first received signal and the second received
signal are known, the separator 421 may separate the first
received signal and the second received signal.

The separated first received signal and second received
signal may be transferred to the first phase-demodulator 422
and the second phase-demodulator 423, respectively. The first
phase-demodulator 422 and the second phase-demodulator
423 may demodulate the transferred first received signal and
second received signal to a first source signal and a second
source signal, respectively. In this example, values of x and y
according to phase-modulation and an attenuation rate dis-
closed in Table 1 may be used.

According to embodiments of the present invention, there
may be provided an apparatus and method that enables a
receiver to separate two phase-modulated signals having dif-
ferent amplitudes and thereby restore the separated signals to
original signals when the two phase-modulated signals hav-
ing different amplitudes are transmitted using a single
antenna.

Also, according to embodiments of the present invention,
when there is a need to simultaneously provide two services
using the same spectrums and a single antenna, for example,
when wide-area broadcasting and local broadcasting are to be
simultaneously transmitted, the present invention may be
employed to develop a transmission/reception and modula-
tion/demodulation apparatus of a wireless communication
field in which a hierarchical service separation is required.

The above-described exemplary embodiments of the
present invention may be recorded in non-transitory com-
puter-readable media including program instructions to
implement various operations embodied by a computer. The
media may also include, alone or in combination with the
program instructions, data files, data structures, and the like.
Examples of non-transitory computer-readable media
include magnetic media such as hard disks, floppy disks, and
magnetic tape; optical media such as CD ROM disks and
DVDs; magneto-optical media such as floptical disks; and
hardware devices that are specially configured to store and
perform program instructions, such as read-only memory
(ROM), random access memory (RAM), flash memory, and
the like. Examples of program instructions include both
machine code, such as produced by a compiler, and files
containing higher level code that may be executed by the
computer using an interpreter. The described hardware
devices may be configured to act as one or more software
modules in order to perform the operations of the above-
described exemplary embodiments of the present invention,
or vice versa.
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Although a few exemplary embodiments of the present
invention have been shown and described, the present inven-
tion is not limited to the described exemplary embodiments.
Instead, it would be appreciated by those skilled in the art that
changes may be made to these exemplary embodiments with-
out departing from the principles and spirit of the invention,
the scope of which is defined by the claims and their equiva-
lents.

What is claimed is:
1. A separation method for a phase-modulated signal, the
method comprising:

receiving, using a single antenna, a signal comprising a first
received signal and a second received signal that are
modulated and thereby transferred from a transmitter;

calculating an attenuation level of each of the first received
signal and the second received signal by dividing each of
the first received signal and the second received signal
into a real number portion and an imaginary number
portion;

calculating a difference between the first received signal
and the second received signal; and

separating and thereby demodulating the first received sig-
nal and the second received signal based on the signal
comprising the first received signal and the second
received signal, and the difference between the first
received signal and the second received signal.

2. The method of claim 1, wherein

the receiving comprises receiving a merged signal in which
the first received signal and the second received signal
are merged,

the first received signal is a signal in which a first transmis-
sion signal from the transmitter is attenuated by a trans-
mission loss, and

the second received signal is a signal in which a second
transmission signal from the transmitter is attenuated by
the transmission loss.

3. The method of claim 1, wherein

the first received signal has a form of n(sin(8, )+j*cos(0,)),

the second received signal has a form of p(cos(6,)-j*sin
(62))5

sin(0, )+j*cos(0,) represents the first transmission signal,

71 denotes an attenuation rate of the first transmission signal
by the transmission loss with respect to the first trans-
mission signal,

cos(0,)-j*sin(0,) represents the second transmission sig-
nal, and

1 denotes an attenuation rate of the second transmission
signal by the transmission loss with respect to the second
transmission signal.

4. The method of claim 3, wherein the calculating of the

attenuation level comprises:

adding up a square of an absolute value of an addition of
real number portions of a merged signal in which the first
received signal and the second received signal are
merged, a square of an absolute value of an addition of
imaginary number portions of the merged signal, a
square of an absolute value of a difference between the
real number portions of the merged signal, and a square
of an absolute value of a difference between the imagi-
nary number portions of the merged signal; and

calculating the attenuation level of each of the first received
signal and the second received signal using the addition
result.
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5. The method of claim 4, wherein the calculating of the
attenuation level comprises uses the following equation:

REAL(first received signal+second received signal)
*REAL(first received signal-second received
signal)}+IMAGINARY (first received signal+sec-
ond received signal)*IMAGINARY (first received
signal-second received signal)=m-p>.

6. The method of claim 1, wherein the calculating of the
difference between the first received signal and the second
received signal uses the following equations:

REAL(first received signal+second received signal)
*REAL(first received signal-second received
signal)}+IMAGINARY (first received signal+sec-
ond received signal)*IMAGINARY (first received
signal-second received signal)=n?-p?; and

IREAL(first received signal+second received signal)
I+IIMAGINARY (first received signal+second
received signal)>+IREAL(first received signal—
second received signal)?+IMAGINARY (first
received signal-second received signal)|>=2*
P hr?).

7. The method of claim 6, wherein the separating and
thereby demodulating comprises calculating a real number
portion and an imaginary number portion of each of the first
received signal and the second received signal using the fol-
lowing equations:

REAL(first received signal+second received signal)
*REAL(first received signal-second received
signal)}+IMAGINARY (first received signal+sec-
ond received signal)*IMAGINARY (first received
signal-second received signal)=n?-p?; and

IREAL(first received signal+second received signal)
P+ IMAGINARY (first received signal+second
received signal)>+IREAL(first received signal—
second received signal)?+IMAGINARY (first
received signal-second received signal)|>=2*
+7%).

8. The method of claim 7, wherein the calculating of the
real number portion and the imaginary number portion com-
prises:

calculating a difference x between the real number portions

of'the first received signal and the second received signal
and a difference y between the imaginary number por-
tions of the first received signal and the second received
signal using the following equation

Red*x+Ied*y=0

Red?+x+Icd+y*=p; and

calculating the real number portion and the imaginary
number portion of each of the first received signal and
the second received signal using the difference x and the
difference y, and

Rcd denotes an addition of the real number portions of the
first received signal and the second received signal, Icd
denotes an addition of the imaginary number portions of
the first received signal and the second received signal, &
denotes 1°—u?, and p denotes 2*(n>+u?).

9. A separation method for a phase-modulated signal, the

method comprising:

phase-modulating a first source signal and a second source

signal;
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generating a first transmission signal by multiplying the
phase-modulated first source signal by constant A;

generating a second transmission signal by multiplying the
phase-modulated second source signal by constant B;
and

transmitting the first transmission signal and the second
transmission signal to a receiver using a single antenna,

wherein the first transmission signal has any one form of

a(sin(0,)+/*cos(0,)),a(sin(0;)—*cos(0,)),
a(-sin(0)+/*cos(0,)),a(-sin(®,)—j*cos(0,)), and

the second transmission signal has any one form of
B(sin(6,))+7*c0s(6,)),B(sin(6,)-7*cos(8,)),

B(-sin(8)47%c0s(8,)),p(-sin(6)-7*cos(6,)), and

wherein 0, and 0, satisfy Iminimum value of 0, -maximum
value of 0%/<180 degrees and Iminimum value of
0,-maximum value of 0,1<180 degrees.

10. The method of claim 9, further comprising:

receiving, using the receiver, a merged signal in which a
first received signal in which the first transmission signal
is attenuated by a transmission loss and a second
received signal in which the second transmission signal
is attenuated by the transmission loss are merged; and

separating, using the receiver, and thereby demodulating
the first received signal and the second received signal,

wherein the separating and thereby demodulating com-
prises:

calculating an attenuation level of each of the first received
signal and the second received signal by dividing each of
the first received signal and the second received signal
into a real number portion and an imaginary number
portion;

calculating a difference between the first received signal
and the second received signal; and

separating and thereby demodulating the first received sig-
nal and the second received signal.

11. A receiver, comprising:

an antenna configured to receive a merged signal in which
afirst received signal in which a first transmission signal
is attenuated by a transmission loss and a second
received signal in which a second transmission signal is
attenuated by the transmission loss are merged; and

a demodulator configured to separate the first received
signal and the second received signal by dividing each of
the first received signal and the second received into a
real number portion and an imaginary number portion,
and to demodulate the first received signal and the sec-
ond received signal,

wherein the demodulator is configured to add up a square
of an absolute value of an addition of real number por-
tions of the merged signal, a square of an absolute value
of an addition of imaginary number portions of the
merged signal, a square of an absolute value of a differ-
ence between the real number portions of the merged
signal, and a square of an absolute value of a difference
between the imaginary number portions of the merged
signal, and to calculate an attenuation level of each of the
first received signal and the second received signal using
the addition result.
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